Combinatorial control of cyclin B1 nuclear trafficking through phosphorylation at multiple sites.
Entry into mitosis is regulated by the Cdc2 kinase complexed to B-type cyclins. We and others recently reported that cyclin B1/Cdc2 complexes, which appear to be constitutively cytoplasmic during interphase, actually shuttle continually into and out of the nucleus, with the rate of nuclear export exceeding the import rate (). At the time of entry into mitosis, the import rate is increased, whereas the export rate is decreased, leading to rapid nuclear accumulation of Cdc2/cyclin B1. Although it has recently been reported that phosphorylation of 4 serines within cyclin B1 promotes the rapid nuclear translocation of Cdc2/cyclin B1 at G(2)/M, the role that individual phosphorylation sites play in this process has not been examined (, ). We report here that phosphorylation of a single serine residue (Ser(113) of Xenopus cyclin B1) abrogates nuclear export of cyclin B1. This serine lies directly within the cyclin B1 nuclear export sequence and, when phosphorylated, prevents binding of the nuclear export factor, CRM1. In contrast, analysis of phosphorylation site mutants suggests that coordinate phosphorylation of all 4 serines (94, 96, 101, and 113) is required for the accelerated nuclear import of cyclin B1/Cdc2 characteristic of G(2)/M. Additionally, binding of cyclin B1 to importin-beta, the factor known to be responsible for the slow interphase nuclear entry of cyclin B1, appears to be unaffected by the phosphorylation state of cyclin B. These data suggest that a distinct import factor must be recruited to enhance nuclear entry of Cdc2/cyclin B1 at the G(2)/M transition.